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ABSTRACT 

PROBLEM TO BE SOLVED: To provide an organic electroluminescent element that 
does not require an addition of electron accepting molecules to the hole 
injecting layer and can drive at low voltage and at a high luminous 
efficiency, and can maintain stable light-emitting characteristics, and 
that is superior in heat resistance. 

SOLUTION: This is an organic electroluminescent element in which an 

luminous layer 5 is pinched by a positive electrode 2 and a negative 

electrode 7 on a substrate 1 and a hole injecting layer 3 is formed between 

the luminous layer 5 and the positive electrode 2. The hole injecting layer 

3 contains a pyrrole derivative having a specific structure and a mean 

molecular weight of 100-1,000,000, a transition metal and/or a transition 

metal ion. 
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(#Pi¥5 -3109499£:*8) . #'J b'x;H- y 7irjl« 50 
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7S> (4WF7- 539539^*8) . h'J7x-Jl/7S 
>#*&£*-T -5 4 -1330659^*8) 

[0 0 5 8] IEJU&2IJI4W:, ±E©jE?WI3l*m*. 

a#tt**vi«naai«fSsKT, M8eiE?LixA«3±tc 

d t\Z <£ 0 

[0 0 5 9] &ft&©tt£tt. IE?L*ft2l*ftt© 1 1X(J 
2 atA± <h . i&gicj; 0 IE?L© h5 77"l:&^ ft irVW 

IE7LaAS3 JitC^L. tt*l,TiE?L*l2tJB4*»jS 

K #U7UU"-K #UXX7-;MP*»*«f A 

©T, 4>fcvv£tf»fi*b<. a#, IEJLIfc3tJi4«t»©-& 
#»«5 011XttT*W*H>. 

[0060] M^smm^<om^izit, iE?mmm&M 
&®%£pazmw$nr^y#\zAn, MQ^ftzm^ 
um&#>7°T*w t ?mmz$.T°w%.vfzW:, )i>y&* 

TfiA»ftfc. IE?LaAS 3 !)«»*snftS« 1 ±tCIE?L 
fftitJf 4£7&fi££-a-.S. 

[0 0 6 1] Cl©J:^lCbT^Sn-5iE7L^B4© 
KJPtt, il^l0~300nm. 0 £ L < tt30~100nmTa&-5o 
C©i5Kl»VsJRS-*K»156-r*fc»Ktt. — «K* 

[0062] w«mjwwt*^©5S3tta**3 5c6U: 

&fc«^*i3lJi 6 c©«^«i 
Mmeizm^znzik&mziz. i«7^6©i T ftA 
«^©*iMffi73*^e.tA#</^t75t^s 

n*. £©=fc5&tt^«i!iM*mi:L-n;t, R{r«3t**t 
»t UT*lffc 8 - t FP*v+/ U >©T;U5X^A 
t+U-^77- (Appl. Phys. Lett., 5 
5#, 1489S, 1989¥) t-tn5*#U ^ V)im* 
(PMMA) ^©»|gJC«-«bfc*. 7xt>hD 
|J>R## (#58¥5 -331459^^$8) . 2-t-^;i/- 
9, 10-N,N'-v'->:7V 7>h7+y >>W 3 n^7KSg 

[0 0 6 3] 6 ©IKiPtt. il«5~200nm. ff 

*b<«10~100 nmTab-S. 

[0 0 6 4] ig7H HI, 2lc4JJt*«3tH5Xtt 
19 3 iC&ttS Vx-ttlilJi 6l:f T $ftAt5fi*IS*fc 

aA^fT^c^tcli, tt*H»©fi^&J)|*W*K. X 



[0065] &ffi7©i&jptts??r, mm 2 £ra«Tfc 

[0 0 6 6] fitt*Hft&Bri>&j$£l&S$fiHH-r&S 

m. =.yf)i. *da, a**©*«*»«fcn*. io 

[0 0 6 7] SStC. RfrB 7 tftftm 5 X««?«haiJi 
6iC0^®tCLiF. MgF s . Li, 0&£*©ffii$*6i&flfl (K9 

0. l~5nm) £Jf AtSCtt). f^©3»45£[Rj±3i±-5 
*$&7j)*T&-g> (Appl. Phys. Lett., 70#, 152H, 
1997^ ; ftm¥-\0- 74586^$g ; IEEE Trans. Electr 
on. Devices, 44#, 1245H, 1997^) . 

[0068] 0i~3it *mwT~mmzn2>m?ffi& 
fccDTtt^^o mA.it, mi tizmomm. ip*>, a« 

1 -htC^Ss 7 . 3B3tt»5. IE?LaA)13. HI2®Il: 20 

tt>nriBT**. n«K. ia2K.tf 

[0 0 6 9] 

*8Wtt-€-©Wf £S*.fclr>IBD, WT©*iS0iJ©f2m 

[0 0 7 0] -&fiK0iJl :#U {^.Zf^-)V\iU—)V) ©£■ 

ortCTSSl mol/l©ife&60 mlfCX^y — ;H00 mlSr 
SOX.. ^{C^^HfD— ;U.O mg (12.1 mmol) £ 
J&SPS-B-fc. iifiit^T> ; &— ^A2.76 g (12. lmmol) £ 
1 mol/li£S?40 mlf;ijg#>U Z\<D^J-)V\f.a—)imm 

*S01CtlT905i-mHl#Ufc. £££T©&f£-T?te. R 40 

[0 0 7 1] SSIC. 25t;-^24B$Kffi^bfc^, 7Xfcf 

iiB*, fltt-f ^">^K300 ml. x^/-;l/ lOO ml, ^If 

ji/x— t-;hoo miT-w^gt^b. «BE*a*ufc. 

&IMTh7tl ; D77> (THF) 300 mHcj§7^ U 1 
mol/l*»fl;^- h "J ^A*»«50 ■l*JnAT2«FM«#f 
U BHfHfSfTofc. 7^tf U—i'tflJ^fcKfiatiSK: 

•fcOHtt&itgiJU jbm*>*i 1. x^y-jHoo m 

1, ->*X3MPX-?-;H00 mlTiftiiUxifc. jSt»»0«e 50 
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H#£l2l$ra«EE««Lfc. $£8I»©@#£, THF100 m 
l4>-T?90#]g#Lfc&. jgigL-fco #S*lifcat*£20 ml 

±-?MMLtz. z.nzi l's+t^+KwaaRs-a:. at 
;nfn-;w o.94 g£»fc. 5Esiffl-*r*Rtfy;p*8* 

D-7h^77^f- (GPC) tC«fcS#7»#tftffifcmT© 

7C*7>«Tft (SS%) :H=9.44, C=74.78, N=7.35, Cl = 

0. 56 

#UX^>**©&¥i3#7» : 3000 

[0 0 7 2] £j£0>J2 (^^Ml/fcf D-;U) -Pd 

CI, (CH,CN) ,©-&/£ 

^•fiK^j i -cmznrztfv ^-j^-^u—m 50 mg 

(-^y^UbfD— 31 mmol) RZ^PdCl, (CH, C 

N), 40 mg (0.15 mmol) SrRjft^ggiCAn. 30t>P^MJE 

<e*ixfc. torn, Kfoj&m&Tjiziyvwmi'* thf 
«&u yifju-f* 100 iiKwasBs-a:. vcm* 

mm® \Z <£ K> jSS'J L fco iSS'J L fc O £ ->'X^;UX- 
5^5 Bl-Ci!fe^bfc«, i2isiHi«EE«fej*u #u ('\7 P 
^)l\z°U—)\,) — PdCl, (CHjCN), («1 ©#-?§■ (1) K 
*fJS) 

[0073] ^©y?7>">A^-#7pu t?D— jvmt^m 
a, #u CN^juep-jw ffi^©sc¥i%^ft«3o 

S^'J (^y^Hfn-;u) ©tfD— JURtfcfp— JUR 
Pd=2 : lTab-So 

[0 0 7 4] -&fig«aj3 :7t?U (^^Jl/tf a—M -BP 
HEPA-Pd^HjCWCU 

^^JlTft&n^^U (^Zf^JUZn—M 41 mg 
('VT'^JUeP— ;^#T-0. 25 mmol) K.O$PHEPA 
(N, N-t'X (7i^HfJW -2, 6 - fcf'J V s > 

A;W*->75 h*) -Pd(CH 5 CN)Cl! 52 mg (0.12 mmol) 

^rtSrT;pp*>T?e»b, thf 30 n\&ijaA.tz. 29%mm 

«ffiTTS«**iW«fU, B^mx^HOO ml 

fcfcOSrvX^l/X-T-^ mlTStitL. 12B#M«JEE46 
*bJfc«. #'J Cs^^Ufa— ;W -BPHEPA-Pd(CH 5 C 
N)CU («1©#^ (2) iC*f^) 

[0 0 7 5] iC/^yC'A^'J Va—^fc&M 
tt. ^-fJ-yVMu—M gi5»©^i^7>^S«30 

Pd = 2 : 

[0 0 7 6] -&fig^J4 : K^H^o-A) -VC 

1, ©-&;$; 

#u C\^;utr 41 mg (^^;ptrD-;u«i 



ffT-O. 25 mmol) SWCI, (thf h 5 kh*P7'7» )" 
3 45 mg (0.12 mmol) £Sf£:#ggtCA*U 
KiLfc. ^©&. SfK*rtS:7;Pzf>TS«lb, THF 
30 ml^iOAfco 20B$F^i«#L.7t^, fl&EETTSlSigSr 
»*gU gffi£x5f;H00 mllCfSttiKS-tt. £tIS£g&§liIi 

a-;i/) -vci, (*i©#^- (3) fcttjfc) 
[0077] neDA^-y^z.***'; ifa-;i<aMbd« 

('vy^HfD— ;w ©tfp— ;ugi<t:t?P-;H8 
KEttUfcA^tfAKC^fccDJfctt, *HafcTn-;HS : 
V=2 : 1T*5. 

[0 0 7 8] m&mi :#'J (A^fJUfD- £Pd 
CI, (CH 3 CN), ©<h©£gj§fi£©&fj 
#U (s\zf7-)Wu-M 1.6 mg {s\-73-)V\Zu—)\,yk 
JfTO.Ol mmol) RtfPdCl, (CH, CN), 1.3 mg (0.005 mmo 

i) z^n^en 5 mi /x77xai;«o. -t^A* 

#"J (^^JHfD— ;W CD 2.0 mol/USR ('N^ 
;Hfn— ;HftJ¥) RtfPdClj (CH,CN),© 1.0 mmo 1/1 

7;i/P*>eiSlLfcgiJ© 5 ml^X7^XP6<@ 

tc -tn-pn^u (.^zf^jwa—M aymmm 125 

Ml£iO;L. $ €>{C6f@C0rt5j@C0^^.7^XzitCPdCl: (C 
H,CN)jCDTHF^* 50. 100, 150. 200. 250 uX-Ztl* 

^^^AUTcoiScfs^^tfa— ;i/^©gc©itj&< l : 

[0 0 7 9] K5WAmW0Li:^'79-)l'\£n—)im 

«K«j£Lfc620 nm©©7tg*^D-y Hfct»©SH6 
(c^f. H6J:D^f;n;D-;p«i icfcfUT, 
yOASf^O. 5T©7tft^gafiJ LTV^ H 

5>»^ASl^©»C©ittt, ittatfD-;US:Pd = 2 : 

[0 0 8 0] H&0J2 :#'J (^^l/fcf D-;U) iVC 

m&mi t.mmz.\^T, #u (^^ju^u—m ©th 

FmWi> RtWCl, (thf), ©THFi§S££*g£L. 3^pJ*I 
5=-;nfD-;n»o«cott*«i : 1 t**»*©*n , sia 
ttKXftU £©*fttt20l$IHJT«JKU!fc. 
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[0081] n-rvo i^w.^<D^Lii^\-y^-)v\f.u-)vm 

«K:WJtU&700 n»OBft3tt**^ny M,fct>©*BI8 

wsa>T*o, ^y^ufp-justtrp— jugicffite 
bfcyx^-^^AB^©»©jt«. #Mat£a-;HR:v = 

2 : 1T&-5 

[0 0 8 2] #Hg&0IJ3 : A*±v»^A#W^'J tfn-M 
10 fl:£4fe<Z>J&K£l* 

-7A§f#ueo-;Hf^ («i©#^t (i) K*f 
J&) £TsS©*#T% ±fe#7Xg«_k{CXtf>P-h 

l,2-vi7PPX^> 
5 [mg/tnl] 
Xtf^-tHie^ 1500 [rpm] 

20 T^m-mnsmm 30 

60»W-120 , C1D*M6# 
[0 0 8 3] ±IB©Xtf>P-MC e fcO40nm©^iP©i^ 

->-v;U*l!WW-» (80 BO*#M«*f»«T81 (AC 
-1) *ffl^Tffl!l«Ufctei5. 5.19eV©«&jftUfc. 

[0 0 8 4] H^J4 : /^y^A^'J IfP— 

30 fc<&<fe<z>j£i)t£i* 

4fe (*l©#^ (3) C*f^) **^J3 t|?|«©*fl= 
T'^7XSfi±CXIf>3- h Lit. 
[0 0 8 5] JifB©Xtf >P— htCi045nm©M»©l% 

-fcWKjWMEsnfc. ^©^jsisw©-r^->'fb#?> 

->r;i/SraiJ^bfci:C^. 5.01eVT*-pfc. 
[0 0 8 6] JtK^K0!ll : «X^n->7->©fiEM3l 

40 BF^tClSSbfc. ±IEge©ffiSfm^fSlHlte#>y{CJ; 
OfTofe^. S©rt©K^^2X10-«Torr (^J2.7X10 
-'Pa) &TiZteZl£^mfr&mh7 yZf&ffittm&Wt. 

X10"«Torr (S^2. 7X 10" ' Pa) T. 0. 2nm/©> 

T^P30nm©^Srfig;^Lfco 

[0 0 8 7] 

[ft 3] 
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[0 0 8 8] ^©«Rtt»OW«»»©aiiX^^ b)l 
**«Ufc*S**BI4H«-r. 04*6. 550~700nm© 

[0 0 8 9] £jg0!| 1 

[0 0 9 0] #7X»£l±K:-f>£?»?A • XXWHt® 
(I TO) a?3#*R£ 120nmJfM!lxifc:*>© (-^7f 
•^ttfi ; *f lf-AJ«Iitfi ; >- hfitnl5Q) £®7i? 
©y* bUyy^y^&ffiiifi&X-^yy&ffl^T 2 
mmiH©X h 7 p (C/1^-^>y UTI^S 2 £J£]5£L 
it. rt*—>mi&l>ft I TOS«$. 7th>l:±l>i 

[0 0 9 1] JfctVTf, -&^J2Tt#etlfe/15> 5 r>A-& 

*r#y en— (3ti©#^ (i) icttiS) £ 

hit d©Xtf>3— htc«tO40nm©M/S©l^ 

[0 0 9 2] X\Z, ±teiE?LaAg3^^*fi£MLfc* 

EHE#>7 r K:J:DfTofc«. gBftOJCSftftttxio-'T 
orr (152. 7X 10" 4 Pa) JJlTfc&a £Ti£#:giii h 7 y ^ 

n^mmr^yit^ :4,4'-t*x [n- a-^y?- 

fTofe. ^»&#©*£g«l. 3X10" "Torr (^1.7X10"' 
Pa) . ^»>£SteO. 3nm/#T, il/P20nm©il£IE?LaA 
« 3 ©±l;«I LTjEJU&SIJf 4 fc^/SS-frfc. 

[0 0 9 3] 

[ft 4] 





10 



20 



30 



40 



iC-e^$n-5 7;u5x^A©8 - 1 Ko^-y+y u >$g 
# : ai (c,h«no) 3 ^iEnmm.mAt.mm\z^xmm^n 

•ofzo C©B#©T;U5^i^A©8 -k Fp*y*y 'J > 
ig#©;l-y#*&gte 275~285 t C©i6fflT$«U 
^©K^til.lxlO-'Torr (#91. 5X 10< Pa) . P&#i§ 
ggttO. 4nm/fJ>-^ P&#SnfcfgftJl©M/iIte75nmT&o 

[0 0 9 5] 
lit 5] 




[0 0 9 4] «3tJB5 0»»tbT, Tf2f8il 50 



[0 0 9 6] ±IB©iE?Lli2IH 4 KtffgttJf 5 £ Ji£$& 
[0 0 9 7] ^7tS5ST©^»*fTofc^ 

vxf^ igi2® i tox h5-ryt«ia^-r^)«k^ 

ISI^JC LTggP^©K^S^2X 10- 6 Torr («2. 7 
xiO'Pa) £tTK«:**T#»Lfc. ^©^ I^H 7 £: 
LT, 5fe-T. 7 ivffcVi^y^A (MgF, ) $t'J^t> 
#-h£fflHT. i£#j£*0. lnm/S*. K^«7.0X10'' 
Torr (^9.3X10" 4 Pa) 0. 5nm©MJ9tT5SftJi 5 © 
-hteJBJcfltbJfc. ^CtC, TJU5z:^A*|5|«{C ; &'jy^> 
#- H^fcOiOi&LT. 3K«ttAD. 5nm/fJ>, K^ixi 
0" 5 Torr GBl. 3X 10' 5 Pa) TMJP40nm©:7;i>5X'y.kJl 
S^IC. -r-©±{C. ^®©#«14*ii5«6-5) 

^»ifi«0. 5nm/#. IX 10" 'Torr 3X10" 5 Pa) TJK 
J?40nm©ai@<£}g^LT^ffi7S:^S-&fc. «±© 3 

mmmm i e>mmme>mm.umt&u\z$m l^. 

[0 0 9 8] jy.±©J;otZLT. 2mmX2mm ©1M X*© 

©^©^^tt*«8fC*-T. *8tC*3ViT. fgftfff 
««250mA/cm' ©*oS5BST©ffl. fgft£fr$Ste lOOcd/ 
m ! T©M. »S/m^«WS-©8it^a#14©M^^. 
*EE« 100cd/m ! Tf©fii$-S-^^T. 
[0099] *8=t0. ««£ET*»iK*^*»3taa* 

[0100] 2 

#U trn— ;P3fifl:^« l ©# ^ (2) ic*fj&) £^ 
#J*KL/fcftStt. ^JS0iJl <h|5l#tcLTI2l2tC^-r«jg 

#tt**8{C^fo 
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[0 10 1] 31 8 J; 9 > fi«flE-CK»K*^JS583tt«S*" 

[0102] ^Jg^J 3 
iEJLttAJifclxT^J*mT»Sttfc^5>tfA**tf 

wu-ivmt&m («i©#*§- (3) izaus) 

[0 10 3] S8J;0. e«ETffiWft*:?Xft3HM( 
[0 10 4] 

uea-;nMfc^« (^i<d#^ (i) t, « 

f5*ttft^«» i U T ©T83«ifi^T'* £ tl & T B P A 
H (HJX (4-yn€7xZW 

STBPAH»i»10li%i:bfc. 

[0 10 5] 
[ft 6] 

lr 



26 



10 



20 



[0106] * 8 «fc 0 , fi«ffiT?KmS*>o*$S3fc3MS 
[0107] HM^J 5 

U ¥u-)Umt&® (*l<7?#^ (3) tCttJSO <!:, « 
^S£*M:£4&£UT©TBAPH£fi^Ljfc*SaMf 

Stl^>TBPAH©a«10S»%i:Lfe„ 
[0108] m 8 «t 0 , e*EE"T?K»Sa>OJlE$83fc8&* 

[0109] vcMm i 

[0 1 10] 
»8] 



SbCI, 















250 mA/W B$<Z> 


100 cd/m* 3%Z> 


100 cd/m 2 B$<Z> 


100 cd/m 2 8$ 














[cd/rf] 


AWfl 


[cd/A] 


[V] 




12000 


2.8 


3.9 


4.4 


=&trS#J2 


7700 


2.9 


3.9 


4.3 




7100 


1.5 


2.5 


5.1 


m&m 


7400 


1.7 


2.8 


5.0 


nrnms 


5900 


1.5 


3.0 


6.5 




8900 


1.4 


3.7 


7.7 



[oiii] iE?LaA« 3 iz&m^mtf u tr D-;i/^{t 



[0 112] 



50 



[0 1 1 3] fifi-aT, *«WCJ:6Wtlt*»*Slff 
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[0 3] *«W©W*«*f83t3l^FOlMfiO»«BoaiJO 

[0 4 ] 3 ftCXttKMftM l T^fiKLfcj?M©wr 

[0 5] *a>«iT?W»Ufc#U Cs^JUfn— 
tPdCl, (CH,CN),©»«OSR^1.?I«®iRX^^ H^OS 

[0 6] 3MM*lTM«Lfc#U (^^;nfp-;u) 
fcPdCl, (CH S CN), 0**Of|^2«HBI«K:«jWL/fcK*1.?I 
HKJRX^i' MKD620 nmiC&tt^©^^ PdCl, (CH 

,cn), t/\^;ut;n— ;nRojtK*#LT^ay hbfc 



28 



[0 7] *^J2THMbfc7HU Cs^jUJd— JW 

tvci.(thf) ,©»*o«^i!ra!RjR^^i' h;u©««p 

[0 8] *^J2T-S!l^L/t# , J {^ZfJ-)V\iU-)V) 
iVCl, (thf) ,®^©®-&24I^W«tC|IS!lbfc^nI 
St^iRX^ h;UO700 nm(C*3tt-5©^K*> VC1, (th 
f) , t^T^UfcT o-;US©it{C*fLT^n-^ hbfc^ 

io [w^oatti«] 
i 

2 [®g 

3 IE?LffiA« 

4 IE?Ltti^» 
5 

6 ' 

7 I 



1] 



[02] 
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[0 5] 



[0 6] 




[0 7] 



800 




0.14- 



0.12- 



0.10 



0.08 



PdOj(CH»CN) 2 / heptytpyrrote unH 



[0 8] 




800 




Vdgflfiffo / heptylpyrrote unit 



<72)5B0I# 



3SJii»«S7fj»*K»3feBaBriooo«fls 



W3S5iHiR«s*»stKi»*Ba»nooo#«! 

F^-A(#%) 3K007 AB02 AB03 ABU ABM BA06 
CAOl CBOl DAOl DB03 EBOO 



